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Description 

APERTURE PLATE FOR OPTICAL 
LITHOGRAPHY SYSTEMS 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The present invention relates to an optical device installed 
in an optical lithographic system, and more particularly, to 
a specifically designed aperture plate, which when in 
combination with conventional light and annual light can 
provide Bow-Pole and Quasar illumination for optical 
lithographic system. 

[0003] 2. Description of the Prior Art 

[0004] The dramatic increase in performance and cost reduction 
in the electronics industry are attributable to innovations 
in the integrated circuit and packaging fabrication pro- 
cesses. The speed and performance of the chips is dic- 
tated by the lithographic minimum printable size. Lithog- 
raphy, which replicates a pattern rapidly from chip to chip 



or wafer to wafer, also determines the throughput and the 
cost of electronic systems. A lithographic system includes 
exposure tool, mask, resist, and all of the processing 
steps to accomplish pattern transfer from a mask to a re- 
sist and then to devices. 

[0005] | n optical projection lithography, resolution is expressed 
by the well-known Rayleigh equation: 

[0006] R = k X/NA. 

[0007] where A and NA are the exposure wavelength and numeri- 
cal aperture of the optical lithography tool, and k is a 
constant (usually between 0.4~1) for a specific litho- 
graphic process. 

[0008] As the wavelength becomes shorter, the light source fil- 
tered for G- (436 nm) and H-lines, and later for the 1-line 
(365 nm) becomes more complex and expensive. Initially, 
the light source was a mercury lamp. Lithography at a 
wavelength of 248 nm spurred the development of a reli- 
able and line narrowed KrF laser. 

[0009] off-axis illumination techniques such as quadrupole and 
annular illumination have been proposed to enlarge the 
depth-of-focus. A depth-of-focus enhancement effect in 
these off-axis illumination techniques is achieved with 
using an off-axis filter (or aperture plate) mounted on the 



fly's eye lens. The filter has a small aperture to select an 
effective light flux for depth -of- foe us enhancement for 
the target geometry or the orientation of the image. 
[0010] | n the manufacturing of high-density semiconductor 

memory device such as high-density DRAMs, 90-degree 
quadrupole off-axis illumination is used to improve criti- 
cal dimension (CD) and Normalized Image Log-Slope 
(NILS) of memory array patterns. As known in the art, NILS 
is correlated with image quality and process window. The 
higher the NILS is, the larger the process window can be 
obtained. On the other hand, in the case when manufac- 
turing contact devices, to improve the process window of 
contact hole and iso-dense contact bias, another type of 
illumination such as Bow-Pole aperture is needed. It is 
costly for the chipmakers to prepare two types of aperture 

plates in hand. 
Summary of Invention 

[001 1] Accordingly, it is the primary object of the present inven- 
tion to provide an aperture plate for optical lithographic 
systems, which when in combination with conventional 
light and annual light can provide Bow-Pole and Quasar 
illumination. 

[0012] According to the claimed invention, an aperture plate for 



optical lithographic systems is provided. The aperture 
plate comprises an opaque plate having thereon a central 
pole aperture; and a set of four sector apertures having 
substantially the same opening angel 6. The sector aper- 
tures radiating from a center point of the pole aperture 
communicate with the central pole aperture. The aperture 
plate when in combination with conventional light and an 
annular light can provide Bow-Pole and Quasar illumina- 
tion. 

[0013] other objects, advantages and novel features of the in- 
vention will become more clearly and readily apparent 
from the following detailed description when taken in 

conjunction with the accompanying drawings. 
Brief Description of Drawings 

[0014] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. In the drawings: 

[0015] pig.l is a plan view of an aperture plate in accordance 

with the first preferred embodiment of the present inven- 
tion; 



[0016] pig. 2 illustrates the application when the aperture plate of 
Fig.l incorporates with a conventional light source in ac- 
cordance with the present invention; 

[0017] pig. 3 illustrates the application when the aperture plate of 
Fig.l incorporates with an annual light source in accor- 
dance with the present invention; 

[0018] Fig. 4 is a plan view of an aperture plate in accordance 

with the second preferred embodiment of the present in- 
vention; 

[0019] Fig. 5 illustrates the application when the aperture plate of 
Fig. 4 incorporates with a conventional light source in ac- 
cordance with the present invention; and 

[0020] Fig. 6 illustrates the application when the aperture plate of 
Fig. 4 incorporates with an annual light source in accor- 
dance with the present invention. 
Detailed Description 

[0021] please refer to Fig.l. Fig.l is a plan view of an aperture 
plate 10 in accordance with the first preferred embodi- 
ment of the present invention. As shown in Fig.l, the 
aperture plate 10 comprises a specifically designed aper- 
ture pattern 12. The aperture pattern 12 includes a central 
circular opening (pole aperture) 14 and a set of four sec- 
tor openings 16 with the same opening angle 6. A hori- 



zontal reference line 18 intersecting the center point 13 of 
the central circular opening 14 is defined on the plate 
plan. As specifically indicated, each central radiating line 
of the four sector openings 16 is rotated 45 degree (45°) 
with respect to the horizontal reference line 18, such that 
the four sector openings 16 represent a 45° rotation sta- 
tus. 

[0022] According to the first preferred embodiment of this in- 
vention, the size and dimension of the central circular 
opening 14 is determined by radius a value, which is 

inner 

preferably 0.35, but not limited thereto. It is to be under- 
stood that the magnitude of a. value depends upon 

inner 

real operation conditions and process requirements. Ac- 
cording to the first preferred embodiment of this inven- 
tion, each of the four sector openings 16 radiating from 
the center point of the central circular opening 14 has an 
opening angle 6 of about 35°, but not limited thereto. An- 
other parameter for determining the dimension of the four 
sector openings 16 is radius a value. 

outer 

[0023] please refer to Fig. 2 and Fig. 3. Fig. 2 illustrates the appli- 
cation when the aperture plate 10 incorporates with con- 
ventional light source. Fig. 3 illustrates the application 
when the aperture plate 10 incorporates with annual light 



source. As shown in Fig. 2, in accordance with the present 
invention, the aperture plate 10 when in combination with 
the conventional light source 100 with a fixed sigma value 
o, a Bow-Pole illumination 110 is obtained. The Bow-Pole 
illumination 110 is preferably used to improve the process 
window of contact hole and iso-dense contact bias. 
[0024] As shown in Fig. 3, in accordance with the present inven- 
tion, the aperture plate 10 when in combination with the 
annual light source 120 defined with a fixed inner sigma 
value a and outer sigma value a , a Quasar 

inner *" outer 

(45-degree rotated) illumination 130 is obtained. The re- 
sultant Quasar illumination 130 is preferably used to im- 
prove critical dimension (CD) and Normalized Image Log- 
Slope (NILS) of memory array patterns. 
[0025] please refer to Fig. 4. Fig. 4 is a plan view of an aperture 
plate 20 in accordance with the first preferred embodi- 
ment of the present invention. As shown in Fig. 4, likewise, 
the aperture plate 20 comprises a specifically designed 
aperture pattern 22. The aperture pattern 22 includes a 
central circular opening 24 and a set of four sector open- 
ings 26a, 26b, 26c, and 26d with the same opening angle 
6. A horizontal reference line 28 intersecting the center 
point 23 of the central circular opening 24 is defined on 



the plate plan. Each central radiating line of the sector 
openings 26a and 26c is normal to the horizontal refer- 
ence line 28 (Only central radiating line of the sector 
openings 26a is shown), while each central radiating line 
of the sector openings 26b and 26d is parallel with the 
horizontal reference line 28. 
[0026] According to the second preferred embodiment of this in- 
vention, the size and dimension of the central circular 
opening 24 is also determined by radius a value, 

inner 

which is preferably 0.35, but not limited thereto. It is to 
be understood that the magnitude of a value depends 

inner 

upon real operation conditions and process requirements. 
According to the second preferred embodiment of this in- 
vention, each of the four sector openings 26a, 26b, 26c, 
and 26d radiating from the center point of the central cir- 
cular opening 24 has an opening angle 0 of about 35°, but 
not limited thereto. Another parameter for determining 
the dimension of the four sector openings 26a, 26b, 26c, 
and 26d is radius a value. 

outer 

[0027] please refer to Fig. 5 and Fig. 6. Fig. 5 illustrates the appli- 
cation when the aperture plate 20 incorporates with con- 
ventional light source. Fig. 6 illustrates the application 
when the aperture plate 20 incorporates with annual light 



source. As shown in Fig. 5, in accordance with the present 
invention, the aperture plate 20 when in combination with 
the conventional light source 200 with a fixed sigma value 
o, a Bow-Pole (90 degree) illumination 210 is obtained. 
The Bow-Pole (90 degree) illumination 210 is preferably 
used to improve the process window of contact hole and 
iso-dense contact bias. 
[0028] As shown in Fig. 6, in accordance with the present inven- 
tion, the aperture plate 20 when in combination with the 
annual light source 220 defined with a fixed inner sigma 
value a and outer sigma value a , a Quasar 

inner * outer 

(90-degree) illumination 230 is obtained. The resultant 
Quasar illumination 230 is preferably used to improve 
critical dimension (CD) and Normalized Image Log-Slope 
(NILS) of memory array patterns. 
[0029] Those skilled in the art will readily observe that numerous 
modification and alterations of the present invention may 
be made while retaining the teachings of the invention. 
Accordingly, the above disclosure should be construed as 
limited only by the metes and bounds of the appended 
claims. 



